Salt dependence of the formation and stability of the signaling state in G protein-coupled receptors: evidence for the involvement of the Hofmeister effect.
We studied the salt dependence of both the stability and the equilibrium of the late photoproducts metarhodopsin I (MI) and II (MII) of the artificial visual pigment 9-demethyl rhodopsin (9dm-Rho). In the photoproducts of 9dm-Rho, all-trans-9-demethyl retinal acts only as a partial agonist, enabling us to study the photoproduct equilibrium of the pigment both in membranes and in detergent micelles. Chloride, bromide, and phosphate salts shift this equilibrium from the inactive MI to the active MII receptor conformation both in native membranes and even more with purified pigment in detergent micelles. In the presence of these salts, the induced MII state seems to be structurally intact, as judged by Fourier transform infrared (FTIR) and UV-vis spectroscopy. In the long term, however, we observe an increased instability of the photoproducts and a change in the decay pathways. Both MII enhancement and destabilization are particularly pronounced with the strong chaotropic salts KI and KSCN. The results fit into the framework of the Hofmeister effect and are assigned to an increased solvation of the peptide moiety of the solvent-exposed domains, their resulting partial disordering favoring MII over MI. In this picture, increased solvation also affects helix-helix interactions, thereby leading to a structural instability of the protein in the long term. The reported influences of salts on conformation and stability of this membrane protein are likely to be general and may therefore also apply to other transmembrane proteins and particularly to other G protein-coupled receptors.